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COLUMNAR ELECTRIC DEVICE AND PRODUCTION METHOD THEREOF 

COLUMNAR ELECTRIC DEVICE, COLUMNAR TRANSISTOR, AND 
PRODUCTION METHOD THEREOF 

TECHNICAL FIELD 

[0001] The present invention relates to a columnar 
electric device including a sensor, solar cell, and the 
like, and a production method thereof. Particularly, the 
present invention relates to an electric device which can 
be downsized without degradation of a performance and can 
be mounted even in a narrow place, and a method for readily- 
producing the electric device. 

BACKGROUND ART 
[0002] 

Patent -Related Reference 1: JP-A-11-295255 

Patent -Related Reference 2: JP-A-2003 -161713 

[0003] In the patent-related reference 1, it is 
mentioned that various gas sensors having different gas 
response properties can be obtained by providing two comb- 
shaped electrodes on a glass substrate, and by additionally 
forming thereon a sensitive film made from two kinds of 
mixed electroconduct ive polymers. 

[0004] Further, mentioned in the patent-related 
reference 2 is an ammonia gas sensor including: an 
electrically insulative ceramic substrate; two comb-shaped 
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electrodes formed thereon; and an ammonia sensitive layered 
film formed to extend over the two comb-shaped electrodes. 

[0005] In each of the patent-related references, two 
pieces of metal are worked into comb shapes, respectively, 
and placed on one side of the associated rectangular 
parallelepiped substrate. Such a sensor has a limitation 
of downsizing while keeping a performance, thereby 
problematically making it difficult to mount the sensor on 
a readily recognizable portion such as a gas piping. 

DISCLOSURE OF THE INVENTION 

Problem to be solved by the Invention 
[0006] It is therefore an object of the present 
invention to provide a columnar electric device such as a 
sensor, solar cell, and the like which can be downsized 
without degradation of a performance and can be mounted 
even in a narrow place, and a method for readily producing 
such a columnar electric device. 

Means for solving the Problem 

[0007] Claim 1 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of : 

helically winding a mask material onto an outer 
periphery of an insulative columnar body; and 

coating an electroconductive substance onto the outer 
periphery of the columnar body through a helical gap 
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defined by the mask material, thereby forming an 
electroconductive wire . 

[0008] Claim 2 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of: 

winding, onto an outer periphery of an insulative 
columnar body, a plate- like product obtained by mutually 
joining two or more linear substances into a stripe shape; 

subsequently peeling off a part of the linear 
substances so as to coat an electroconductive substance 
onto the outer periphery through a trace of the peeled 
linear substance, to thereby form an electroconductive 
wire; and 

peeling off the remaining linear substances. 

[0009] Claim 3 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of: 

winding, onto an outer periphery of an insulative 
columnar body, a plate-like product obtained by mutually 
joining two or more insulative wires into a stripe shape; 
and 

subsequently peeling off a part of the insulative 
wires so as to coat an electroconductive substance onto the 
outer periphery through a trace of the peeled insulative 
wire, to thereby form an electroconductive wire. 

[0010] Claim 4 resides in a production method of a 
columnar electric device, characterized in that the method 
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comprises the step of : 

winding, onto an outer periphery of an insulative 
columnar body, a plate- like product obtained by mutually 
joining two or more electroconductive wires into a stripe 
shape; and 

subsequently peeling off a part of the 
electroconductive wires . 

[0011] Claim 5 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the step of: 

winding, onto an outer periphery, of an insulative 
columnar body, a plate-like product obtained by mutually 
joining an electroconductive wire and an insulative wire 
into a stripe shape in a staggered manner. 

[0012] Claim 6 resides in the production method of a 
columnar electric device of any one of claims 1 through 5, 
characterized in that the columnar electric device is a 
sensor or solar cell. 

[0013] Claim 7 resides in a columnar electric device 
characterized in that the columnar electric device 
comprises : 

an insulative columnar body; and 

an electroconductive wire helically wound around an 
outer periphery of the insulative columnar body. 

This electric device is produced by the method of any 
one of claims 1 through 5, for example. 

[0014] Claim 8 resides in the columnar electric 
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device of claim 7, characterized in that the columnar body- 
is a fibrous body. 

[0015] Claim 9 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of: 

coating a semiconductor onto an outer periphery of an 
insulative columnar body; 

subsequently, helically winding a first mask material 
onto an outside of the semiconductor; 

coating a first elect roconductive substance onto the 
outside through a helical gap defined by the first mask 
material, to thereby form a first electroconductive wire; 

thereafter removing the first mask material; 

subsequently, helically winding a second mask 
material onto the outside in a manner to cover the first 
electroconductive wire; and 

coating a second electroconductive substance onto the 
outside through a helical gap defined by the second mask 
material, to thereby form a second electroconductive wire. 

[0016] Claim 10 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of: 

coating a semiconductor onto an outer periphery of an 
insulative columnar body; 

subsequently winding four or more linear substances 
onto an outside of the semiconductor; 

thereafter peeling off one or more of the linear 
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substances, and coating a first elect roconductive substance 
onto the outside through a trace of the peeled linear 
substances, to thereby form a first electroconduct ive wire; 

peeling off one or more of the linear substances, 
which is/are not neighboring to the first electroconduct ive 
wire, and coating a second electroconduct ive substance onto 
the outside through a trace of the peeled linear substances, 
to thereby form a second electroconduct ive wire; and 

peeling off the remaining linear substances. 

[0017] Claim 11 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of: 

coating a semiconductor onto an outer periphery of an 
insulative columnar body; 

subsequently winding, onto an outside of the 
semiconductor, a plate-like product obtained by mutually 
joining four or more insulative wires into a stripe shape; 

thereafter peeling one or more of the insulative 
wires, and coating a first electroconduct ive substance onto 
the outside through a trace of the peeled insulative wires, 
to thereby form a first electroconduct ive wire; and 

peeling off one or more of the insulative wires, 
which is/are not neighboring to the first electroconductive 
wire, and coating a second electroconductive substance onto 
the outside through a trace of the peeled insulative wires, 
to thereby form a second electroconductive wire. 

[0018] Claim 12 resides in a production method of a 
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columnar electric device, characterized in that the method 
comprises the steps of : 

coating a semiconductor onto an outer periphery of an 
insula tive columnar body; 

subsequently winding, onto an outside of the 
semiconductor, a plate-like product obtained by mutually 
joining four or more electroconductive wires into a stripe 
shape ; and 

thereafter peeling off two of the electroconductive 
wires, which are separated from each other by at least one 
of the electroconductive wires therebetween. 

[0019] Claim 13 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of: 

coating a semiconductor onto an outer periphery of an 
insulative columnar body; and 

subsequently winding, onto an outside of the 
semiconductor, a plate-like product obtained by mutually 
joining two electroconductive wires and two insulative 
wires into a stripe shape in a staggered manner. 

[0020] Claim 14 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of: 

coating a semiconductor onto an outer periphery of an 
insulative columnar body; 

subsequently winding, onto an outside of the 
semiconductor, a plate-like product obtained by mutually 
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joining one electroconductive wire comprising a first 
electroconduct ive substance and three insulative wires into 
a stripe shape; and 

thereafter peeling off the insulative wire, which is 
not neighboring to the first electroconductive wire, and 
coating a second electroconductive substance onto the 
outside through a trace of the peeled insulative wire to 
thereby form a second electroconductive wire. 

[0021] Claim 15 resides in the production method of a 
columnar electric device of any one of claims 9 through 14, 
characterized in that the columnar electric device is a 
sensor or solar cell. 

[0022] Claim 16 resides in a columnar electric device 
characterized in that the columnar electric device 
comprises : 

an insulative columnar body; 

a semiconductor coated plate-like shape on an outer 
periphery of the insulative columnar body; and 

two electroconductive wires which are mutually 
parallel and helically wound around an outside of the 
semiconductor . 

This electric device is produced by the method of any 
one of claims 9 through 14, for example. 

[0023] Claim 17 resides in the columnar electric 
device of claim 14, characterized in that the columnar body 
is a fibrous body. 

[0024] Claim 18 resides in a solar cell characterized 
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in that the solar cell comprises: 
an insulative columnar body; 

an organic semiconductor coated on an outer periphery 
of the insulative columnar body; and 

a gold wire and an aluminum wire which are mutually 
parallel and helically wound around an outside of the 
organic semiconductor . 

This solar cell is produced by the method of any one 
of claims 9 through 14, for example. 

[0025] Claim 19 resides in the solar cell of claim 18, 
characterized in that the columnar body is a fibrous body. 

[0026] Claim 20 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of : 

helically winding a first mask material onto an outer 
periphery of an insulative columnar body; 

coating a first electroconductive substance onto the 
outer periphery through a helical gap defined by the first 
mask material, to thereby form a first electroconductive 
wire; 

thereafter removing the first mask material; 

subsequently, helically winding a second mask 
material onto the outer periphery in a manner to cover the 
first electroconductive wire; 

coating a second electroconductive substance onto the 
outer periphery through a helical gap defined by the second 
mask material, to thereby form a second electroconductive 
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wire; 

thereafter removing the second mask material ; and 

coating a semiconductor onto the outer periphery 
through each helical gap defined by the two 
elect roconduct ive wires therebetween . 

[0027] Claim 21 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of : 

winding, onto an outer periphery of an insulative 
columnar body, a plate-like product obtained by mutually 
joining four or more linear substances into a stripe shape; 

thereafter peeling off one or more of the linear 
substances, and coating a first electroconductive substance 
onto the outer periphery through a trace of the peeled 
linear substances, to thereby form a first 
electroconductive wire ; 

peeling off one or more of the linear substances, 
which is/are not neighboring to the first electroconductive 
wire, and coating a second electroconductive substance onto 
the outer periphery through a trace of the peeled linear 
substances, to thereby form a second electroconductive wire, 
and 

peeling off the remaining linear substances, and 
coating a semiconductor onto the outer periphery through a 
trace of the peeled linear substances. 

[0028] Claim 22 resides in a production method of a 
columnar electric device, characterized in that the method 
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comprises the steps of: 

winding, onto an outer periphery of an insulative 
columnar body, a plate- like substance obtained by mutually 
joining four or more semiconductor wires into a stripe 
shape ; 

thereafter peeling off one or more of the 
semiconductor wires, and coating a first electroconductive 
substance onto the outer periphery through a trace of the 
peeled semiconductor wires, to thereby form a first 
electroconductive wire; and 

peeling off one or more of the semiconductor wires, 
which is/are not neighboring to the first electroconductive 
wire, and coating a second electroconductive substance onto 
the outer periphery through a trace of the peeled 
semiconductor wires, to thereby form a second 
electroconductive wire . 

[0029] Claim 23 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of: 

winding, onto an outer periphery of an insulative 
columnar body, a plate- like substance obtained by mutually 
joining four or more electroconductive wires into a stripe 
shape; and 

thereafter peeling off two of the electroconductive 
wires, which are separated from each other by at least one 
of the electroconductive wires therebetween, and coating a 
semiconductor onto the outer periphery through traces of 
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the peeled electroconductive wires. 

Claim 24 resides in a production method of a columnar 
electric device, characterized in that the method comprises 
the step of : 

winding, onto an outer periphery of an insulative 
columnar body, a plate -like product obtained by mutually 
joining two electroconductive wires and two insulative 
wires into a stripe shape in a staggered manner. 

[0030] Claim 25 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of : 

winding, onto an outer periphery of an 
electroconductive columnar body, a plate-like product 
obtained by mutually joining one electroconductive wire 
comprising a first electroconductive substance and three 
semiconductor wires into a stripe shape; and 

thereafter peeling off the semiconductor wire, which 
is not neighboring to the first electroconductive wire, and 
coating a second electroconductive substance onto the outer 
periphery through a trace of the peeled semiconductor wire, 
to thereby form a second electroconductive wire. 

[0031] Claim 26 resides in the production method of a 
columnar electric device of any one of claims 20 through 25, 
characterized in that the columnar electric device is a 
sensor or solar cell. 

[0032] Claim 27 resides in a columnar electric device 
characterized in that the columnar electric device 
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comprises : 

an insulative columnar body; 

two electroconductive wires which are mutually- 
parallel and helically wound around an outer periphery of 
the insulative columnar body; and 

a semiconductor coated on the outer periphery along 
each helical gap defined by the two electroconductive wires 
therebetween . 

This electric device is produced by the method of any 
one of claims 2 0 through 25, for example. 

[0033] Claim 28 resides in the columnar electric 
device of claim 27, characterized in that the columnar body 
is a fibrous body. 

[0034] Claim 29 resides in a solar cell characterized 
in that the solar cell comprises: 

an insulative columnar body; 

a gold wire and an aluminum wire which are mutually 
parallel and helically wound on an outer periphery of the 
insulative columnar body; and 

an organic semiconductor coated on the outer 
periphery along each helical gap defined by the gold wire 
and the aluminum wire therebetween. 

This solar cell is produced by the method of any one 
of claims 2 0 through 25, for example. 

[0035] Claim 30 resides in the solar cell of claim 29, 
characterized in that the columnar body is a fibrous body. 

[003 6] Claim 31 resides in a production method of a 
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columnar electric device, characterized in that the method 
comprises the steps of: 

coating a first semiconductor onto an outer periphery 
of an insulative columnar body; 

subsequently, helically winding a first mask material 
onto an outside of the first semiconductor; 

coating a first electroconductive substance onto the 
outside through a helical gap defined by the first mask 
material, to thereby form a first electroconductive wire; 

thereafter removing the first mask material; 

subsequently, helically winding a second mask 
material in a manner to cover the first electroconductive 
wire ; 

coating a second electroconductive substance onto the 
outside through a helical gap defined by the second mask 
material, to thereby form a second electroconductive wire, 

thereafter removing the second mask material; and 

coating a second semiconductor onto the outside 
through each helical gap defined by the two 
electroconductive wires therebetween. 

[0037] Claim 32 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of: 

coating a first semiconductor onto an outer periphery 
of an insulative columnar body; 

subsequently winding, onto an outside of the first 
semiconductor, a plate-like product obtained by mutually 
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joining four or more linear substances into a stripe shape; 

thereafter peeling off one or more of the linear 
substances, and coating a first electroconduct ive substance 
onto the outside through a trace of the peeled linear 
substances, to thereby form a first electroconductive wire; 

peeling off one or more of the linear substances, 
which is/are not neighboring the first electroconductive 
wire, and coating a second electroconductive substance onto 
the outside through a trace of the peeled linear substances, 
to thereby form a second electroconductive wire ; and 

peeling off the remaining linear substances, and 
coating a second semiconductor onto the outside through a 
trace of the peeled linear substances. 

[0038] Claim 33 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of: 

coating a first semiconductor onto an outer periphery 
of an insulative columnar body; 

subsequently winding, onto an outside of the first 
semiconductor, a plate-like product obtained by mutually 
joining four or more semiconductor wires into a stripe 
shape; 

thereafter peeling off one or more of the 
semiconductor wires, and coating a first electroconductive 
substance onto the outside through a trace of the peeled 
semiconductor wires, to thereby form a first 
electroconductive wire; and 



-15- 



peeling off one or more of the semiconductor wires, 
which is/are not neighboring to the first electroconductive 
wire, and coating a second electroconductive substance onto 
the outside through a trace of the peeled semiconductor 
wires, to thereby form a second electroconductive wire. 

[003 9] Claim 34 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of: 

coating a first semiconductor onto an outer periphery 
of an insulative columnar body; 

subsequently winding, onto an outside of the first 
semiconductor, a plate-like product obtained by mutually 
joining four or more electroconductive wires into a stripe 
shape ; 

thereafter peeling off two of the electroconductive 
wires, which are separated from each other by at least one 
of the electroconductive wires therebetween, and coating a 
second semiconductor onto the outside through traces of the 
peeled electroconductive wires. 

[0040] Claim 35 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of: 

coating a first semiconductor onto an outer periphery 
of an insulative columnar body; and 

subsequently winding, onto an outside of the first 
semiconductor, a plate- like product obtained by mutually 
joining two electroconductive wires and two second 
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semiconductor wires into a stripe shape in a staggered 
manner . 

[0041] Claim 36 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of: 

coating a first semiconductor onto an outer periphery 
of an insulative columnar body; 

subsequently winding, onto an outside of the first 
semiconductor, a plate- like product obtained by mutually 
connecting one first electroconductive wire comprising a 
first electroconductive substance and three semiconductor 
wires into a stripe shape; and 

thereafter peeling off the semiconductor wire, which 
is not neighboring to the first electroconductive wire, and 
coating a second electroconductive substance onto the 
outside through a trace of the peeled semiconductor wire, 
to thereby form a second electroconductive wire. 

[0042] Claim 37 resides in the production method of a 
columnar electric device of any one of claims 31 through 36, 
characterized in that the columnar electric device is a 
sensor or solar cell. 

[0043] Claim 38 resides in a columnar electric device, 
characterized in that the columnar electric device 
comprises : 

an insulative columnar body; 

a first semiconductor coated on an outer periphery of 
the insulative columnar body; 
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two electroconductive wires which are mutually 
parallel and helically wound around an outside of the first 
s emi conduc t or ; and 

a second semiconductor coated on the outside along 
each helical gap defined by the two electroconductive wires 
therebetween . 

This electric device is produced by the method of any 
one of claims 31 through 36, for example. 

[0044] Claim 39 resides in the columnar electric 
device of claim 38, characterized in that the columnar body 
is a fibrous body. 

[0045] Claim 40 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of : 

coating a semiconductor onto an outer periphery of an 
electroconductive columnar body; and 

subsequently winding an electroconductive wire onto 
an outside of the semiconductor in a staggered manner. 

[0046] Claim 41 resides in a production method of a 
columnar electric device, characterized in that the method 
comprises the steps of: 

coating a semiconductor onto an outer periphery of an 
electroconductive columnar body; 

subsequently coating a transparent electrode onto an 
outside of the semiconductor; and 

further winding an electroconductive wire onto an 
outside of the transparent electrode in a staggered manner. 
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[0047] Claim 42 resides in the production method of a 
columnar electric device of claim 40 or 41, characterized 
in that the columnar electric device is an optical sensor 
or solar cell. 

[0048] Claim 43 resides in a columnar electric device, 
characterized in that the columnar electric device 
comprises : 

an elect roconductive columnar body; 

a semiconductor coated around an outer periphery of 
the elect roconductive columnar body; and 

an electroconductive wire helically wound around an 
outside of the semiconductor. 

This electric device is produced by the method of any 
one of claims 40 through 42. 

[0049] Claim 44 resides in a production method of a 
columnar transistor, characterized in that the method 
comprises the steps of: 

coating an insulating material onto an outer 
periphery of an electroconductive columnar body; and 

subsequently winding two electroconductive wires onto 
an outside of the insulating material. 

[0050] Claim 45 resides in the production method of a 
columnar transistor of claim 44, characterized in that the 
method further comprises the steps of : 

immersing the columnar transistor in a dopant 
solution; and 

achieving doping, while applying a voltage to the 
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elect roconductive columnar body or across the 
electroconductive wires . 

[0051] Claim 46 resides in a columnar transistor 
characterized in that the columnar transistor comprises: 

an electroconductive columnar body; 

an insulating material coated around an outer 
periphery of the 'electroconductive columnar body; and 

two electroconductive wires which are mutually 
parallel and helically wound around an outside of the 
insulating material. 

This columnar transistor is produced by the method of 
claim 44 or 45. 

Effect of the Invention 

[0052] According to claim 1, the mask material such 
as a fabric, thread, or the like is helically wound onto 
the outer periphery of the columnar body, and thereafter 
the electroconductive wire is wound onto the outer 
periphery by coating the electroconductive substance onto 
the outer periphery through the helical gap defined by the 
mask material. It is desirable to adopt vapor deposition, 
application, or the like as coating, thereby enabling 
obtainment of a stable columnar electric device having the 
electroconductive wire closely contacted with the columnar 
body. 

[0053] According to claims 2 through 4, it becomes 
possible to arrange the electroconductive wire while 
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unif ormalizing a diameter of the electroconductive wire and 
a helical gap defined thereby, to facilitate a task of 
designing and simulation. Further, winding a linear 
substance having a small diameter like a thread, enables 
production of a small -sized columnar electric device. 

[0054] The production method of claim 5 is effective, 
when the electroconductive wire and the insulative wire 
exhibit a higher adhesiveness therebetween, for example, 
and readily follow a stress such as bending. It is 
desirable to use an epoxy adhesive for joining the 
electroconductive wire to the insulative wire and for 
joining them to the columnar body, and the columnar 
electric device can be produced by an extremely simple 
method. 

[0055] According to claim 6, the columnar sensor or 
solar cell can be produced by the method of any one of 
claims 1 through 5 . 

[0056] Claim 7 resides in the columnar electric 
device which can be downsized. Examples thereof include a 
temperature sensor, pressure sensor, ion sensor, and the 
like. The mentioned sensors adopt platinum, poly-3- 
alkylthiophene, and polyaniline, as the electroconductive 
wires , respectively . 

[0057] According to claim 8, also the columnar body 
can be downsized. It is desirable to adopt polyethylene 
terephthalate, polymethyl methacrylate, nylon, polyester, 
polypropylene , or the like, as the fibrous body. 
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Simultaneously, according to the method of any one of 
claims 2 through 5, there can be obtained an extremely 
small-sized columnar electric device of 1mm 3 or less, for 
example, by winding a thin electroconductive wire onto the 
columnar body with a fine interval to be defined by the 
electroconductive wire . 

[0058] According to claim 9, the mask materials such 
as fabric, thread, or the like are helically wound onto the 
outside of the semiconductor coated on the columnar body, 
at first. Then, the electroconductive substances are 
coated onto the outside through the helical gaps defined by 
the mask materials, respectively, thereby winding the two 
electroconductive wires onto the outside. It is desirable 
to adopt vapor deposition, application, or the like as 
coating, thereby enabling obtainment of a stable columnar 
electric device having the two electroconductive wires 
closely contacted with the semiconductor. 

[0059] According to claims 10 through 12, it becomes 
possible to arrange the electroconductive wires while 
uni formalizing diameters of the electroconductive wires and 
helical gaps defined thereby, to facilitate a task of 
designing and simulation. Further, winding linear 
substances having small diameters like threads, enables 
production of a small-sized columnar electric device. In 
case of using the same material for both the first 
electroconductive wire and second electroconductive wire, 
it is desirable to produce the electric device by the 
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method recited in claim 12. 

[0060] The production method of claim 13 is effective, 
when the electroconductive wires and the insulative wires 
exhibit a higher adhesiveness therebetween, for example, 
and readily follow a stress such as bending. It is 
desirable to use an epoxy adhesive for joining the 
electroconductive wires to the insulative wires and for 
joining them to the columnar body, and the columnar 
electric device can be produced by an extremely simple 
method. 

[0061] The production method of claim 14 is effective, 
when the first electroconductive wire and the insulative 
wires exhibit a higher adhesiveness therebetween, for 
example, and readily follow a stress such as bending. It 
is desirable to use an epoxy adhesive for joining the first 
electroconductive wire to the insulative wires and for 
joining them to the columnar body, and the columnar 
electric device can be produced by an extremely simple 
method . 

[0062] According to claim 15, the columnar sensor or 
solar cell can be produced by the method of any one of 
claims 9 through 14. 

[0063] Claim 16 resides in a columnar electric device 
which can be downsized. Examples thereof include an 
optical sensor, gas sensor, humidity sensor, temperature 
sensor, radiation sensor, solar cell, and the like. The 
optical sensor is configured to use an organic 
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semiconductor as the semiconductor, such as an 
electroconductive polymer, poly-p-phenylene, polythiophene , 
or the like doped with fullerene. Similarly, the gas 
sensor is configured to use poly-p-phenylene, polyacetylene , 
polythiophene, or the like; the humidity sensor, polyfuran, 
polythiophene, or the like; the temperature sensor, poly-3- 
alkylthiophene, or the like; and the radiation sensor, 
polyacetylene, polythiophene, or the like in a sulfur 
hexafluoride atmosphere. When the columnar optical sensor 
can be bent, it is also possible to immerse the portion of 
the optical sensor having the electroconductive wires wound 
thereon in a dopant solution, and to simultaneously apply a 
voltage to one of the electroconductive wires to thereby 
achieve doping. 

[0064] Claim 18 resides in a columnar solar cell 
produced by the method of any one of claims 9 through 14. 
It is possible to obtain a small-sized solar cell, by a 
simple production method. 

[0065] According to claim 17 or 19, also the columnar 
body can be downsized. The usable fibrous body is the same 
as that of claim 8. Simultaneously, according to the 
method of any one of claims 10 through 14, there can be 
obtained an extremely small-sized columnar electric device, 
by winding thin electroconductive wires with fine intervals 
to be defined by the electroconductive wires. 

[0066] According to claim 20, the mask materials such 
as fabric, thread, or the like are helically wound onto the 
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outer periphery of the columnar body, at first. Then, the 
electroconductive substances are coated onto the outer 
periphery through the helical gaps defined by the mask 
materials, respectively, thereby winding the two 
electroconductive wires onto the outer periphery. Further, 
the semiconductor is coated onto the outer periphery 
through each helical gap defined by the two 
electroconductive wires therebetween. It is desirable to 
adopt vapor deposition, application, or the like as coating, 
thereby enabling obtainment of a stable columnar electric 
device having the two electroconductive wires and a 
semiconductor closely contacted with the columnar body. 

[0067] According to claims 21 through 23, it becomes 
possible to arrange the electroconductive wires while 
uni formalizing diameters of the electroconductive wires and 
helical gaps defined thereby, to facilitate a task of 
designing and simulation. Further, winding linear 
substances having small diameters like threads, enables 
production of a small-sized columnar electric device. In 
case of using the same material for both the first 
electroconductive wire and second electroconductive wire, 
it is desirable to produce the electric device by the 
method recited in claim 23 . 

[0068] The production method of claim 24 is effective, 
when the electroconductive wires and the semiconductor 
wires exhibit a higher adhesiveness therebetween, for 
example, and readily follow a stress such as bending. It 
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is desirable to use an epoxy adhesive for joining the 
electroconductive wires to the semiconductor wires and for 
joining them to the columnar body, and the columnar 
electric device can be produced by an extremely simple 
method. 

[0069] The production method of claim 25 is effective, 
when the first electroconductive wire and the semiconductor 
wires exhibit a higher adhesiveness therebetween, for 
example, and readily follow a stress such as bending. It 
is desirable to use an epoxy adhesive for joining the first 
electroconductive wire to the semiconductor wires and for 
joining them to the columnar body, and the columnar 
electric device can be produced by an extremely simple 
method . 

[0070] According to claim 26, the columnar sensor or 
solar cell can be produced by the method of any one of 
claims 20 through 25. 

[0071] Claim 27 resides in a columnar electric device 
which can be downsized. The contents thereof are the same 
as claim 16. 

[0072] Claim 29 resides in a solar cell produced by 
the method of any one of claims 20 through 25. It is 
possible to obtain a small-sized solar cell, by a simple 
production method. 

[0073] According to claim 28 or 30, also the columnar 
body can be downsized. The usable fibrous body is the same 
as that of claim 8. Simultaneously, according to the 
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method of any one of claims 2 0 through 25, there can be 
obtained an extremely small-sized columnar electric device, 
by winding thin electroconductive wires and/or 
semiconductor wires with fine intervals to be defined by 
the electroconductive wires and/or semiconductor wires, 
respectively . 

[0074] According to claim 31, the mask materials such 
as fabric, thread, or the like are helically wound onto the 
outside of the first semiconductor coated on the columnar 
body, at first. Then, the electroconductive substances are 
coated onto the outside through the helical gaps defined by 
the mask materials, respectively, thereby winding the two 
electroconductive wires onto the outside. Further, the 
second semiconductor is coated onto the outside through 
each helical gap defined by the two electroconductive wires 
therebetween. It is desirable to adopt vapor deposition, 
application, or the like as coating, thereby enabling 
obtainment of a stable columnar electric device having the 
two electroconductive wires and the second semiconductor 
closely contacted with the first semiconductor. 

[0075] According to claims 32 through 34, it becomes 
possible to arrange the electroconductive wires while 
unif ormalizing diameters of the electroconductive wires and 
helical gaps defined thereby, to facilitate a task of 
designing and simulation. Further, winding linear 
substances having small diameters like threads, enables 
production of a small-sized columnar electric device. In 



case of using the same material for both the first 
electroconductive wire and second electroconductive wire, 
it is desirable to produce the electric device by the 
method recited in claim 34 . 

[0076] The production method of claim 35 is effective, 
when the electroconductive wires and the semiconductor 
wires exhibit a higher adhesiveness therebetween, for 
example, and readily follow a stress such as bending. It 
is desirable to use an epoxy adhesive for joining the 
electroconductive wires to the insulative wires and for 
joining them to the columnar body, and the columnar 
electric device can be produced by an extremely simple 
method . 

[0077] The production method of claim 36 is effective, 
when the first electroconductive wire and the semiconductor 
wires exhibit a higher adhesiveness therebetween, for 
example, and readily follow a stress such as bending. It 
is desirable to use an epoxy adhesive for joining the first 
electroconductive wire to the semiconductor wires and for 
joining them to the columnar body, and the columnar 
electric device can be produced by an extremely simple 
method . 

[0078] According to claim 37, the columnar sensor or 
solar cell can be produced by the method of any one of 
claims 31 through 36. 

[0079] Claim 38 resides in a columnar electric device 
which can be downsized. The contents thereof are the same 
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as claim 16. 

[0080] According to claim 39, also the columnar body 
can be downsized. The usable fibrous body is the same as 
that of claim 8. Simultaneously, according to the method 
of any one of claims 31 through 36, for example, there can 
be obtained an extremely small-sized columnar electric 
device, by winding thin electroconductive wires and/or 
semiconductor wires with fine intervals to be defined by 
the electroconductive wires and/or semiconductor wires, 
respectively. 

[0081] According to claim 40, the semiconductor is 
coated onto the outer periphery of the electroconductive 
columnar body, and then the electroconductive wire is wound 
onto the outside of the semiconductor. It is desirable to 
adopt vapor deposition, application, or the like as coating. 
It is desirable to adopt the method of any one of claims 1 
through 5, for example, and the electroconductive columnar 
body and the electroconductive wire are closely contacted 
with each other through the semiconductor. This allows for 
production of a columnar electric device which operates 
stably. 

[0082] According to claim 41, the semiconductor is 
coated onto the outer periphery of the electroconductive 
columnar body, the transparent electrode is subsequently 
coated onto the outside of the semiconductor, and the 
electroconductive wire is further wound onto the outside of 
the transparent electrode. It is desirable to adopt vapor 
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deposition, application, or the like as coating. It is 
desirable to adopt the method of any one of claims 1 
through 5, for example, and the elect roconductive columnar 
body and the electroconductive wire are closely contacted 
with each other through the semiconductor and the 
transparent electrode. Namely, even when the transparent 
electrode is partially cracked due to stress such as 
bending, the electroconductive wire fixes the transparent 
electrode while electrically contacting with the same. 
This allows for production of a columnar electric device 
which operates stably. 

[0083] According to claim 42, it becomes possible to 
produce a columnar optical sensor or solar cell which has 
an electroconductive columnar body, a semiconductor, and a 
transparent electrode, and which operates stably. 

[0084] Claim 43 resides in a columnar electric device 
which can be downsized. 

[0085] According to claim 44, the insulating material 
is coated onto the outer periphery of the electroconductive 
columnar body, and the two electroconductive wires are 
subsequently wound onto the outside of the insulating 
material. It is desirable to adopt vapor deposition, 
application, or the like as coating. It is desirable to 
adopt the method of any one of claims 9 through 14, and the 
electroconductive columnar body and the two 
electroconductive wires are closely contacted with each 
other through the insulating material. This allows for 
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obtainment of a columnar electric device which operates 
stably. 

[0086] According to claim 45, it becomes possible to 
readily produce a transistor having the doped insulating 
material. When the columnar transistor produced by the 
method of claim 44 can be bent, the columnar transistor is 
bent and immersed into the dopant solution such that the 
portion of the transistor having the elect roconductive 
wires wound thereon is immersed in the dopant solution. 
Further, there is applied a voltage to the 
electroconductive columnar body, for example, thereby 
achieving doping. It is also possible to observe a state 
of the doping, by causing electric current to flow between 
the two electroconductive wires. Namely, it is possible to 
perform the doping at an appropriate amount for the 
insulating material, while confirming the state of the 
doping. 

[0087] Claim 46 resides in a columnar transistor 
which can be downsized. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0088] 

[FIG. 1] A perspective view of a temperature sensor 
as one type of "columnar electric device comprising a 
single wire" according to the present invention. 

[FIG. 2] A schematic view of a typical production 
method of the "columnar electric device comprising a single 
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wire" . 

[FIG. 3] A schematic view of an example of a 
production method of a "columnar electric device comprising 
a single wire" having a uniformly wound electroconductive 
wire . 

[FIG. 4] A schematic view of another example of a 
production method of a "columnar electric device comprising 
a single wire" having a uniformly wound electroconductive 
wire . 

[FIG. 5] A perspective view of an optical sensor as 
one type of "columnar electric device comprising a plate- 
like semiconductor" according to the present invention. 

[FIG. 6] A schematic view of an example of a 
production method of a "columnar electric device comprising 
a plate- like semiconductor" having uniformly wound 
electroconductive wires . 

[FIG. 7] A schematic view of another example of a 
production method of a "columnar electric device comprising 
a plate- like semiconductor" having uniformly wound 
electroconductive wires . 

[FIG. 8] A schematic view of still another example of 
a production method of a "columnar electric device 
comprising a plate-like semiconductor" having uniformly 
wound electroconductive wires. 

[FIG. 9] A perspective view of a "columnar electric 
device comprising a semiconductor wire" according to the 
present invention . 
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[FIG. 10] A perspective view of a "columnar electric 
device using two kinds of semiconductors" according to the 
present invention . 

[FIG. 11] A perspective view of an example of a 
production method of a small-sized temperature sensor. 

[FIG. 12] A perspective view of an optical sensor as 
an embodiment of a "columnar electric device having an 
elect roconductive columnar body" according to the present 
invention. 

[FIG. 13] A perspective view of an optical sensor as 
another embodiment of a "columnar electric device having an 
elect roconductive columnar body" according to the present 
invention . 

[FIG. 14] A schematic view of a doping method of a 
columnar transistor . 
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Explanation of Reference Numerals 

1 measuring instrument 

2 insulative columnar body 

3 tap 

4 platinum wire 

5 mask material 

6 insulative wire 

7 electroconductive wire 

8 semiconductor 

9 copper wire 

10 aluminum wire 

11 first electroconductive wire 

12 second electroconductive wire 

13 first semiconductor 

14 second semiconductor 

15 table 

16 electroconductive columnar body 

17 semiconductor 

18 transparent electrode 

19 electroconductive wire 

2 0 electroconductive columnar body (gate 
electrode) 

21 insulating material 

22 electroconductive wire (source electrode, 
drain electrode) 

23 dopant solution 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0090] Meanings of terms according to the present 
invention will be clarified and the best mode of the 
present invention will be explained hereinafter. 

[0091] "Columnar electric device" is an electric 
device in a columnar shape such as a circular column, 
polygonal column, or the like. Examples thereof include a 
columnar sensor, solar cell, and the like. 

[0092] "Columnar body" is a substrate having an outer 
periphery around which electroconductive wire(s), 
semiconductor wire(s), or the like is/are wound to 
fabricate a columnar electric device such as a sensor, 
solar cell, or the like. The present invention utilizes 
both electroconductive and insulative ones. Particularly, 
examples of insulative materials include plastics, quartz, 
sapphire, and the like. In producing a small-sized 
columnar electric device, it is preferable to use a fibrous 
body of polyethylene terephthalate , polymethyl methacrylate, 
nylon, polyester, polypropylene, or the like. Adopting a 
fibrous body enables a columnar body to have a diameter of 
0.1 to 1.0mm, and enables production of an extremely small- 
sized sensor, solar cell, or the like. 

[0093] "Coating" is to coat an electroconductive wire, 
semiconductor wire, or the like around an outer periphery 
of a columnar body. As an example, coating is performed by 
vapor deposition of a substance to be coated, or 
application of a substance to be coated in a melt, solution, 
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or gel state. 

[0094] "Mask material" is provided to cover a part of 
a side surface of a columnar body when an elect roconductive 
wire(s) , semiconductor wire(s), or the like is/are coated 
onto an outer periphery of the columnar body such that an 
unintended zone of the columnar body is not coated. As an 
example, it is desirable to adopt a fabric, thread, 
aluminum foil, copper foil, paper, the same material as the 
columnar body, or the like. 

(Columnar electric device comprising single wire) 

FIG. 1 is a perspective view of a temperature sensor 
as one type of "columnar electric device comprising a 
single wire" according to the present invention. Wound 
around an outer periphery of an insulative columnar body 2 
made of plastics, for example, is a platinum wire 4. The 
platinum wire 4 has opposite sides having taps 3 mounted 
thereon, respectively, which are connected to a measuring 
instrument 1 to measure a resistance value to enable 
recognition of temperature. 

[0095] FIG. 2 shows a method for fabricating a 
temperature sensor by a vapor deposition method. Firstly, 
as shown in (a) , there is helically wound a coating- 
oriented mask material 5 around an outer periphery of an 
insulative columnar body 2, and fixed thereto. Further, as 
shown in (b) , platinum is coated onto the outer periphery 
such as by vapor deposition through a helical gap defined 
by the fabric 5, thereby forming a platinum wire 4. When 
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the adopted mask material 5 was elect r oconduc t i ve , the mask 
material 5 is removed as shown in (c) . Then, taps 3 are 
mounted to opposite sides of the platinum wire 4, 
respectively, for completion. For example, it is desirable 
to adopt a fabric, thread, aluminum foil, copper foil, 
paper, or the like, as the mask material 5. 

[0096] FIG. 3 shows another method for uniformly 
winding a platinum wire by a vapor deposition method. For 
example, there is prepared a plate -like product provided by 
mutually joining two insulative wires 6 into a stripe shape. 
This is wound onto an outer periphery of an insulative 
columnar body 2, and fixed thereto by an adhesive or the 
like as shown in (a) . Next, one of the insulative wires 6 
is peeled off, as shown in (b) . For example, it is 
sufficient to pinch one end of the applicable insulative 
wire 6 by hand, tweezers or the like, and to peel it along 
an outer periphery of the columnar body 2. Finally, 
platinum is vapor deposited onto the outer periphery 
through the trace as shown in (c) , thereby forming a 
platinum wire 4. Then, taps 3 are mounted to opposite 
sides of the platinum wire 4, respectively, for completion. 

[0097] The insulative wires 6 for constituting the 
plate-like product are not limited to two in number. For 
example, it is possible to wind, a plate-like product 
obtained by mutually joining three insulative wires 6 into 
a stripe shape, onto an outer periphery of a columnar body 
2, and then to peel off two of the insulative wires 6 so 
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that platinum is vapor deposited onto the outer periphery- 
through the traces. 

[0098] It is possible to prepare the plate-like 
product by a linear substance other than the insulative 
wire 6. In case of adopting an electroconductive linear 
substance, the linear substance left on the outer periphery 
of the columnar body 2 is to be peeled off after finishing 
vapor deposition of platinum in (c) . 

[0099] Adoption of the vapor deposition method shown 
in FIG. 3 enables the platinum wire 4 to be adjusted in 
diameter and in helical gap, and to be uniformly wound. 
Further, adoption of a linear substance such as a thread 
enables the platinum wire 4 to be thin in diameter and to 
define a narrower helical gap. This allows for fabrication 
of a small-sized temperature sensor. 

[0100] Instead of an insulative wire 6, it is 
possible to wind an electroconductive wire such as a plate- 
like product obtained by mutually joining platinum wires 
into a stripe shape, onto an outer periphery of a columnar 
body 2. The plate-like product comprising a plurality of 
platinum wires is densely wound onto an outer periphery of 
the columnar body 2, and fixed thereto by a two-part epoxy 
adhesive, for example. In considering heat resistance, it 
is desirable to attain the fixation by adopting a ceramic 
adhesive such as Sauereisen Cement of Nilaco Corporation. 
Next, there is pinched one end of one(s) of the platinum 
wires by hand, tweezers, or the like, and the applicable 
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one(s) is/are peeled off along the outer periphery of the 
columnar body 2. Then, taps are mounted to both sides of 
the platinum wire(s) fixed on the outer periphery of the 
columnar body 2, respectively, for completion. In this 
case, it is possible to omit a process of coating such as 
vapor deposition. 

[0101] The fixing of the plate-like product 
comprising the plurality of platinum wires onto the outer 
periphery of the columnar body 2, may be performed by 
heating at 13 0°C, for example. 

[0102] It is possible to downsize both an insulative 
columnar body and a platinum wire, by adopting: a fibrous 
body such as polyethylene terephthalate , polymethyl 
methacrylate, nylon, polyester, polypropylene, or the like 
as the columnar body; and a platinum wire having a diameter 
of 0.02mm. For example, this exemplarily allows for 
production of a temperature sensor of 1mm 3 or less. FIG. 
11 is a perspective view showing an example of a production 
method of the temperature sensor. This was provided by 
densely winding two platinum wires 4 each having a diameter 
of 0.02mm onto a part of a columnar body made of a fibrous 
body, and by peeling off one of the platinum wires. The 
resultant product is to be exemplarily placed on a table 15 
to cut opposite ends of the columnar body having the 
platinum wire wound thereon, thereby producing an extremely 
small-sized sensor. Adopting this temperature sensor 
allows for the same to be set in a narrow space to measure 
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a temperature there. 

[0103] Examples of electroconductive wires to be 
wound on the outer periphery of the columnar body 2 include 
those other than metal, such as organic electroconductive 
wires, for example. In this case, coating may be performed 
by application of an organic electric conductor in a melt, 
solution, or gel state, instead of vapor deposition at (c) . 

[0104] As an example, there exist a pressure sensor 
adopting poly-3-alkylthiophene as an organic electric 
conductor, an ion sensor adopting ponyaniline, and the like. 
It is desirable to apply an organic electric conductor 
dissolved in a coating-material aimed solvent, such as a 
toluene or xylene solution, onto the outer periphery of the 
columnar body 2. Only, it is required to adopt a columnar 
body 2 and a mask material, which are insoluble in the 
coating-material aimed solvent. The former pressure sensor 
is largely changed in electrical conductivity by a change 
of pressure, even at a lower pressure. The latter ion 
sensor is configured to detect a pH value of an aqueous 
solution, by measuring a voldammogram of ponyaniline 
immersed in the aqueous solution. 

[0105] It is possible to fabricate a sensor by a 
method shown in FIG. 4, insofar as an electroconductive 
wire and an insulative wire exhibit a higher bonding force 
therebetween, and the plate- like product obtained by 
mutually bonding them is capable of readily following a 
bending stress. Namely, the plate-like product obtained by 
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mutually joining an insulative wire 6 and an 

electroconductive wire 7 into a stripe shape, is wound onto 
an outer periphery of a columnar body 2, and is fixed 
thereto by an adhesive or the like. Also in this case, it 
is possible to omit a process of coating such as vapor 
deposition, and taps 3 are mounted to opposite sides of the 
electroconductive wire 7, respectively, for completion. 

(Columnar electric device comprising plate-like 
semiconductor) 

FIG. 5 is a perspective view of an optical sensor as 
one type of "columnar electric device comprising a plate- 
like semiconductor" according to the present invention. 
Coated in a plate shape around an outer periphery of an 
insulative columnar body 2, is a semiconductor 8, such as 
an organic semiconductor comprising electroconductive 
polymer doped with fullerene, for example. Additionally 
wound onto an outside thereof are a copper wire 9 and an 
aluminum wire 10. Light irradiated to the sensor is 
converted into electricity by the semiconductor 8. It is 
possible to know an intensity of light irradiated to the 
sensor, by measuring an electric current flowing between 
the copper wire 9 and aluminum wire 10 by a measuring 
instrument 1 . 

[0106] As the electroconductive polymer, it is 
possible to adopt poly-3 -alkylthiophene, poly-2,5- 
dioxythyroxy-p-phenylenevinylene, and the like. In case of 
adoption of poly-3 -hexylthiophene as one kind of poly-3- 
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alkylthiophene, it is desirable to previously dope 2 0 to 
30wt% of fullerene. 

[0107] When the columnar optical sensor can be bent, 
it is also possible to immerse the portion having the 
electroconductive wires wound thereon in a dopant solution, 
and to simultaneously apply a voltage to one of the 
electroconductive wires to thereby achieve doping. Namely, 
it is also possible to perform suitable doping by a simple 
method. 

[0108] Further, there is improved an efficiency of 
photoelectric conversion by adopting a combination of gold 
wire (5 . 2eV) -aluminum wire (4.3eV) having a larger 
difference between work functions thereof, instead of a 
combination of copper wire 9-aluminum wire 10. This also 
allows for utilization as a solar cell. 

[0109] Coating of an outer periphery of a columnar 
body 2 by a semiconductor 8 is achieved by vapor depositing 
the semiconductor 8 thereto. Alternatively, coating is 
performed by application of the semiconductor 8 in a melt, 
solution, or gel state, onto the columnar body 2. For 
example, it is desirable to apply a semiconductor dissolved 
in a coating-material aimed solvent, such as a toluene or 
xylene solution, onto the outer periphery of the columnar 
body 2. Only, it is required to adopt a columnar body 2 
which is insoluble in the coating-material aimed solvent. 

[0110] The winding of the copper wire 9 and aluminum 
wire 10 onto an outside of the columnar body can be 
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achieved by the same method as that explained in FIG. 2. 
The mask material for coating, such as a fabric 5, is 
helically wound and fixed thereto. In this state, copper 
is coated such as by vapor deposition, to form a copper 
wire 9 through a helical gap defined by the fabric 5. The 
fabric 5 wound for formation of the copper wire 9 is 
removed, and then another fabric 5 is helically wound to 
cover the copper wire 9 and is fixed. This is followed by 
vapor deposition of aluminum, to form an aluminum wire 10 
through a helical gap defined by the fabric 5. The fabric 
5 wound for formation of the aluminum wire 10 is removed, 
and then taps 3 are finally mounted to the copper wire 9 
and aluminum wire 10, respectively, for completion. 

[0111] In uniformly winding the copper wire 9 and 
aluminum wire 10, it is desirable to adopt a method shown 
in FIG. 6. Firstly, as shown in (a), there is prepared a 
plate-like product obtained by mutually joining four 
insulative wires 6 into a stripe shape, for example. After 
coating a semiconductor 8 onto an outer periphery of a 
columnar body 2, the plate-like product is wound onto an 
outside of the semiconductor and fixed thereto. Next, as 
shown in (b) and (c) , one of the four insulative wires 6 is 
peeled off, and copper is vapor deposited onto the outside 
through a trace of the peeled insulative wire to thereby 
form a copper wire 9. Thereafter, as shown in (d) and (e) , 
one of the insulative wires 6, which is not neighboring to 
the vapor deposited copper wire 9, is peeled off, and 
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aluminum is vapor deposited onto the outside through a 
trace of the peeled insulative wire to thereby form an 
aluminum wire 10. Finally, taps 3 are mounted to the 
copper wire 9 and aluminum wire 10, respectively, for 
completion. 

[0112] The insulative wires 6 constituting the plate- 
like product is not limited to four in number. It is also 
possible to wind a plate-like product obtained by mutually 
joining four or more insulative wires 6 into a stripe shape, 
onto a columnar body 2. Thereafter, one or more of the 
insulative wires 6 is/are peeled off, and copper at a 
trace (s) of the peeled wire(s) is vapor deposited onto the 
outer periphery of the columnar body to form a copper wire 
9. Next, one or more of the insulative wires 6, which 
is/are not neighboring to the copper wire 9, is/are peeled 
off, and aluminum is vapor deposited onto the outer 
periphery through a trace (s) of the peeled wire(s) to form 
an aluminum wire 10. This is also applicable to a 
"columnar electric device comprising a semiconductor wire" 
and a "columnar electric device using two kinds of 
semiconductors" . 

[0113] It is possible to prepare the plate-like 
product by linear substances other than the insulative 
wires 6. In case of adopting electroconductive linear 
substances, the linear substance left on the outer 
periphery of the semiconductor 8 is to be peeled off after 
omitting vapor deposition of platinum in (e) . 
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[0114] Adoption of the vapor deposition method shown 
in FIG. 6 enables the copper wire 9 and aluminum wire 10 to 
be each adjusted in diameter and in helical gap, and to be 
uniformly wound. Further, adoption of threads as the 
insulative wires 6 enables the copper wire 9 and aluminum 
wire 10 to be each thin in diameter and to define a 
narrower helical gap. This allows for fabrication of a 
small-sized optical sensor. 

[0115] In case of production of a columnar electric 
device by two elect roconductive wires of the same material, 
it is also possible to wind a plate-like product obtained 
by mutually joining a plurality of electroconduct ive wires 
into a stripe shape, instead of insulative wires 6, onto an 
outside of a semiconductor 8. The plate-like product 
comprising the plurality of electroconduct ive wires are 
wound onto an outer surface of the semiconductor 8, and 
fixed thereto. Subsequently, there are peeled off two of 
the electroconduct ive wires, which are separated from each 
other by at least one of the electroconduct ive wires 
therebetween. Finally, taps are mounted to the two 
electroconduct ive wires joined to the outer surface of the 
semiconductor 8, respectively, for completion. In this 
case, it is possible to omit a process of coating of 
electroconductive wires, such as vapor deposition. 

[0116] Examples of the two electroconductive wires to 
be wound on the outside of the columnar body 2 coated with 
the semiconductor 8 include those other than metal, such as 



organic electroconductive wires. In this case, coating may- 
be performed by application of an organic electric 
conductor in a melt, solution, or gel state, instead of 
vapor deposition at (c) and (e) . 

[0117] It is possible to fabricate a columnar 
electric device by a method shown in FIG. 7, insofar as two 
electroconductive wires and insulative wires exhibit higher 
bonding forces therebetween, and the plate- like product 
obtained by mutually bonding them is capable of readily 
following a bending stress. Namely, there is prepared a 
combination of an insulative wire 6, a first 
electroconductive wire 11, an insulative wire 6, and a 
second electroconductive wire 12 joined into a stripe shape. 
This is wound onto an outside of the columnar body 2 coated 
with the semiconductor 8. Also in this case, it is 
possible to omit a process of coating of electroconductive 
wires such as vapor deposition, and taps 3 are mounted to 
the first electroconductive wire 11 and second 
electroconductive wire 12, respectively, for completion. 

[0118] FIG. 8 shows another fabrication method. This 
is to fabricate one of two electroconductive wires by 
winding, and the other by vapor deposition. Firstly, as 
shown in (a) , there is prepared a plate-like product 
obtained by mutually joining one first electroconductive 
wire 11 and three insulative wires 6 into a stripe shape. 
After coating a semiconductor 8 onto an outer periphery of 
a columnar body 2, the plate-like product is wound onto an 
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outside of the semiconductor and fixed thereto. As shown 
in (b) and (c) , there is peeled one insulative wire 6 which 
is not neighboring to the first elect roconductive wire 11, 
and there is vapor deposited a second electroconductive 
substance onto the outer periphery through a trace of the 
peeled wire to thereby form a second electroconductive wire 
12. Finally, taps 3 are mounted to the first 

electroconductive wire 11 and second electroconductive wire 
12, respectively, for completion. 

[0119] Examples of a "columnar electric device 
comprising a plate-like semiconductor and two 
electroconductive wires" to which the present invention is 
applicable, include the following sensors, in addition to 
the above optical sensor. 

[0120] There exist gas sensors utilizing poly-p- 
phenylene, polyacetylene, polythiophene, or the like, as a 
semiconductor 8 . These semiconductors are each changed in 
electrical conductivity, by contact with nitrogen monoxide 
(NO) gas, ammonia (NH 3 ) gas, or the like. The gas 
concentration is measured by a change of electrical 
conductivity. 

[0121] Also, there exist sensors utilizing polyfuran, 
polythiophene, or the like as a semiconductor 8. There is 
measured a humidity, by a change of electrical conductivity 
in case of polyfuran, and by a change of electric potential 
between two electroconductive wires contacted with the 
semiconductor made of polythiophene. 
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[0122] There exist temperature sensors utilizing 
poly-3-alkylthiophene or the like as a semiconductor 8. 
Poly-3-alkylthiophene is melted by heating, and there are 
largely changed an electrical conductivity, optical 
spectrum, and the like as precursory phenomena of melting. 
These are utilized. 

[0123] There exist optical sensors utilizing poly-p- 
phenylene, polythiophene, and the like as a semiconductor 8. 
The poly-p-phenylene is to utilize a light induced 
isomerization reaction (transformation between quinoid 
structure and benzenoid structure due to light) . 
Polythiophene causes light induced doping, by making the 
same to carry a substance such as photodissociative 
triphenyl iodonium tetraf luoroborate or the like. 
Polythiophene is capable of constituting a sensor utilizing 
such light induced doping. 

[0124] Additionally, there exist radiation sensors 
utilizing polyacetylene or polythiophene in a sulfur 
hexafluoride (SF 6 ) atmosphere. This is to utilize a fact 
that an electrical conductivity is notably changed when an 
electron beam is irradiated to the induced semiconductor in 
an SF 6 atmosphere. 

[0125] It is possible to produce an extremely small - 
sized columnar electric device, also by the "columnar 
electric device comprising a plate-like semiconductor" . 
For example, there is adopted a fibrous body such as 
polyethylene terephthalate or the like, as a columnar body 
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2. There is coated, onto an outer periphery thereof, a 
semiconductor 8 comprising organic compound at a thickness 
of 50 to 500fim. To be densely wound onto an outside of the 
semiconductor is an electroconductive wire of 0.05 to 1mm 
in diameter, thereby enabling obtainment of an extremely 
small-sized columnar electric device. 

(Columnar electric device comprising semiconductor 

wire) 

FIG. 9 is a perspective view of an "organic electric 
device comprising a semiconductor wire" according to the 
present invention. This is provided by winding a first 
electroconductive wire 11 and a second electroconductive 
wire 12 around an insulative columnar body 2, and by 
coating semiconductors 8 between the two electroconductive 
wires , respectively. 

[0126] It is possible to adopt the same winding 
manner of the two electroconductive wires, as that 
explained in the "columnar electric device comprising a 
plate-like semiconductor" . In case of winding the two 
electroconductive wires by utilizing linear substances, the 
two electroconductive wires are wound in the same manner as 
the above described columnar electric device. Thereafter, 
it is desirable to peel off the remaining linear substances, 
and to coat the semiconductors 8 onto the outer periphery 
through the traces of the peeled substances. It is also 
possible to perform the coating of the semiconductors 8, by 
various methods including vapor deposition, or application 
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of a semiconductor in a melt, solution, or gel state. 

[0127] It is possible to perform fabrication by the 
following method, insofar as two electroconductive wires 
and semiconductor wires exhibit higher bonding forces 
therebetween, and the plate-like product obtained by- 
mutual ly bonding them is capable of readily following a 
bending stress. There is prepared a plate-like product to 
be obtained by mutually joining four wires in an order of a 
semiconductor wire, a first electroconductive wire, a 
semiconductor wire, and a second electroconductive wire 
into a stripe shape. This is wound onto an outer periphery 
of a columnar body and fixed thereto, followed by mounting 
of taps to the first electroconductive wire and second 
electroconductive wire, respectively, for completion. 

[0128] It is further possible to prepare a plate-like 
product obtained by mutually joining a first 

electroconductive wire and three semiconductor wires into a 
stripe shape. This plate-like product is wound onto an 
outer periphery of a columnar body, and fixed thereto. 
Thereafter, there is peeled off the semiconductor wire 
which is not neighboring to the first electroconductive 
wire, and there is coated a second electroconductive 
substance onto the outer periphery through the trace to 
thereby form a second electroconductive wire. Finally, 
taps are mounted to the first electroconductive wire and 
second electroconductive wire, respectively, for completion. 
[0129] The various sensors and solar cells explained 
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in the "columnar electric device comprising a plate- like 
semiconductor" are also applicable here. 

(Columnar electric device using two kinds of 
semiconductors) 

FIG. 10 is a perspective view of a "columnar electric 
device using two kinds of semiconductors" according to the 
present invention. After coating a first semiconductor 13 
onto an outer periphery of an insulative columnar body 2, 
there are wound a first electroconductive wire 11 and a 
second electroconductive wire 12 onto an outside of the 
first semiconductor. Further, there are coated second 
semiconductors 14 between the two electroconductive wires. 
For the winding of the electroconductive wires 11 and 12 
and the coating of the second semiconductors 14, it is 
possible to use the same method as that explained in the 
"columnar electric device comprising a plate-like 
semiconductor" and the "columnar electric device comprising 
a semiconductor wire". Further, since it is possible to 
use two kinds of semiconductors here, the usage of sensors 
according to the present invention can be increased, such 
as an increased number of kinds of detectable gases . 

[0130] The various sensors explained in the "columnar 
electric device comprising a plate- like semiconductor" are 
also applicable here. 

(Columnar electric device having electroconductive 
columnar body) 

FIG. 12 is a perspective view of an optical sensor as 
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an embodiment of a "columnar electric device having an 
electroconductive columnar body" according to the present 
invention. Coated on an outer periphery of an 
electroconductive columnar body 16 is a semiconductor 17. 
Wound around an outside thereof is an electroconductive 
wire 19. 

[0131] The electroconductive columnar body 16 is made 
of aluminum, for example. 

[0132] The semiconductor 17 is coated onto an outer 
periphery of the electroconductive columnar body 16. The 
semiconductor 17 is made of an electroconductive polymer 
doped with fullerene, for example. As the 

electroconductive polymer, it is possible to adopt poly-3- 
alkylthiophene, poly- 2 , 5-dioxythyroxy-p-phenylenevinylene , 
and the like. In case of adoption of poly-3 -hexylthiophene 
as one kind of poly-3 -alkylthiophene, it is desirable to 
previously dope 20 to 30wt% of fullerene. The coating of 
the semiconductor 17 is performed by vapor deposition, or 
application of a semiconductor in a melt, solution, or gel 
state . 

[0133] There is wound an electroconductive wire 19 
such as a copper wire, onto an outside of the semiconductor 
17. It is desirable to perform the winding of the 
electroconductive wire 19 in the same manner as the winding 
of the platinum wire explained in the "columnar electric 
device comprising a single wire" . After winding the 
electroconductive wire 19, a tap 3 is mounted to the 
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elect roconductive wire 19 for completion. 

[0134] Production in the above manner constitutes an 
optical sensor. The electroconductive columnar body 16 
made of aluminum is different from the electroconductive 
wire 19 made of a copper wire in work function, so that 
there is generated an electric potential difference between 
the columnar body 16 and electroconductive wire 19 upon 
irradiation of light to the semiconductor 17. Measuring 
the electric potential difference by a measuring instrument, 
allows for measurement of an intensity of light irradiated 
to the semiconductor 17 through a helical gap defined by 
the electroconductive wire 19, for example. 

[0135] The optical sensor shown in FIG. 12 can also 
be utilized as a solar cell. Further, adoption of a gold 
wire instead of the copper wire as the electroconductive 
body wire 19 enables an efficiency of photoelectric 
conversion to be improved. 

[0136] As the semiconductor 17, it is desirable to 
adopt an organic compound such as the above described 
electroconductive polymer and the like, in a manner to coat 
it onto an outer periphery of the electroconductive 
columnar body 16 at a thickness of 50 to 500|nm. Further, 
as explained in FIG. 11, winding a copper wire which is 
thin in diameter, allows for obtainment of an extremely 
small-sized optical sensor or solar cell. 

[0137] FIG. 13 is a perspective view of an optical 
sensor as another embodiment of a "columnar electric device 
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having an elect roconductive columnar body 1 ' according to the 
present invention, and the same elements as those in FIG. 
12 are denoted by the same reference numerals, respectively. 
It includes a transparent electrode 18 coated on an outside 
of a semiconductor 17. The optical sensor is configured 
with an electroconductive columnar body 16, the 
semiconductor 17, and the transparent electrode 18. Namely, 
there is generated an electric potential difference between 
the columnar body 16 and the transparent electrode 18 
commensurately with an intensity of light directly 
irradiated to an exposed portion of the semiconductor 17 
and irradiated thereto through the transparent electrode 18, 
and there is caused an electric current to flow between the 
columnar body and transparent electrode by connection 
thereof. However, there is a problem that the transparent 
electrode 18 is brittle, and tends to be broken due to 
cracks upon bending the same. As such, there is 
additionally wound an electroconductive wire 19 onto an 
outside of the transparent electrode 18, to fix the 
transparent electrode 18 while electrically contacting with 
the same, in the present invention. 

[013 8] Also coating the transparent electrode 18 is 
performed by vapor deposition, or application of a 
transparent electrode material in a melt, solution, or gel 
state. As the transparent electrode 18, there is adopted 
indium- tin- oxide (ITO) , polyvinyl alcohol (PVA) , and the 
like, for example. In adopting polyvinyl alcohol (PVA) , it 
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is desirable to include 2wt% of iron trichloride (FeCl 3 ) . 
At this time, there can be obtained the transparent 
electrode 18 excellent in electrical conductivity and 
transmittivity . 

[013 9] The electroconductive wire 19 such as a copper 
wire is additionally wound onto an outside of the 
transparent electrode 18. The winding of the 
electroconductive wire 19 is desirably performed in the 
same manner as the winding of a platinum wire explained in 
the "columnar electric device comprising a single wire". 
After winding the electroconductive wire 19, a tap 3 is 
mounted to the electroconductive wire 19 for completion. 

[0140] Irradiation of light to the semiconductor 17 
generates an electric potential difference between the 
columnar body 16 and transparent electrode 18, since the 
columnar body 16 made of aluminum and the transparent 
electrode 18 are different from each other in work function. 
It is possible to know an intensity of light irradiated to 
the semiconductor 17, by measuring the electric potential 
difference by a measuring instrument 1. 

[0141] The optical sensor shown in FIG. 13 can also 
be utilized as a solar cell. 

[0142] Also in this case, there can be obtained an 
extremely small-sized optical sensor or solar cell, by 
using an organic compound as the semiconductor 17 and 
transparent electrode 18, as well as the electroconductive 
wire 19 having a small diameter. 
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(Columnar Transistor) 

It is also possible to produce a columnar transistor, 
according to the present invention. For example, there is 
coated an insulating material onto an insulative columnar 
body. The coating is performed by vapor deposition, or 
application of an insulating material in a melt, solution, 
or gel state. Two electroconductive wires are wound around 
an outside thereof, for completion. For winding the two 
electroconductive wires, it is desirable to adopt the 
method recited in any one of claims 9 through 14 . 

[0143] When the columnar transistor produced by this 
method can be bent, it is also possible to improve its 
performance by achievement of doping. FIG. 14 is a 
schematic view thereof. Immersed into a dopant solution 23 
is a columnar transistor obtained by coating an insulating 
material 21 onto an electroconductive columnar body (gate 
electrode) 20 and by winding two electroconductive wires 
(source electrode and drain electrode) 22 therearound, such 
that the portion of the insulating material having the 
electroconductive wires wound thereon is immersed in the 
dopant solution. Further, there is applied a voltage to 
the gate electrode, thereby achieving doping of the coated 
insulating material 21. It is also possible to observe a 
state of the doping, by causing electric current to flow 
between the two electroconductive wires. Namely, it is 
possible to perform the doping at an appropriate amount for 
the insulating material 21, while confirming the state of 
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the doping . 

[0144] Note that although the insulative columnar 
bodies 2 and electroconduct ive columnar bodies 16 have been 
each expressed by a circular shape in longitudinal cross- 
section, these are not limited thereto. For example, 
rectangular shapes, polygonal shapes, and other shapes will 
do . 

INDUSTRIAL APPLICABILITY 

[0145] The columnar electric devices according to the 
present invention can be extremely downsized. Thus, the 
devices can be utilized as sensors and the like which are 
installed in narrow spaces such as gaps of machines, so as 
to measure a local temperature, gas concentration, and the 
like. Further, since it is possible to coat a sensitive 
portion based on semiconductor or the like onto the whole 
outer periphery of a columnar body, there can be obtained 
small-sized and highly sensitive sensors, and solar cells 
having higher conversion efficiencies. 
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